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Mining and Civilization

• Stone Age 

• Bronze Age

• Iron Age

• Nuclear Age

• Age of Silicon

• Age of Rare 

Earth’s?



Outline

• Mining Risk

• Environmental Regulation of Mining

• Mining Environmental Risk Assessment

• Example 



Mining is a Risky Business

Magnitude of loss x Probability of loss = Risk



RISK

Risk Assessment 

• What can go wrong?

• What is the likelihood 

that it would go 

wrong?

• What are the 

consequences

Risk Management 

• What can be done and what 
options are available?

• What are the associated 
tradeoffs in terms of all costs, 
benefits, and risks?

• What are the impacts of 
current management 
decisions on future options?

“Mine the Gap: Connecting Water Risks and Disclosure in the Mining Sector“ Miranda, M. &  A. Sauer 2010



Mining Life Cycle



Water Issues at Different Mining Stages
Stage 

Exploration/ Construction  

(surveying, drilling, trench 
blasting, road construction) 

Operation - Mining 

(blasting, ore stockpiling,

waste piling) 

Processing 

(smelting, refining) 

Mine-Closure/Post-Closure 

(revegetation, fencing, 
monitoring, long-term water 
treatment)

Potential Issues 

• Sediment runoff, increased suspended sediment load to surface waters 

• Spills of fuels and other contaminants

• Chemical contamination of surface and ground waters 

• Toxicity impacts to organisms (terrestrial and aquatic plants and animals) 

• Altered landscapes from mine workings (e.g., open pits, changes in 
stream morphology) 

• Increased erosion and siltation 

• Altered patterns of drainage and runoff 

• Water consumption: dust suppression, mine camps, evaporative losses 
from clean water storage dams, water used to cool equipment 

• Decreased groundwater resources due to dewatering pits 

• Reliance on power from water-dependent sources (hydro and thermal) 

• Discharge of chemicals and other wastes to surface and ground waters. 

• Water consumption: water used in mineral separation and benefication. 

• Reliance on power from water-dependent sources (hydro and thermal)

• Persistent contaminants in surface and ground waters 

• Expensive, long-term water treatment 

• Persistent toxicity to organisms 

• Permanent landscape changes 

Adapted from Miranda et al. 2003, Mining and Critical Ecosystems: Mapping the Risks.and Miranda et al. 2010 “Mine the Gap: 

Connecting Water Risks and Disclosure in the Mining Sector World Resources Institute, Washington,  DC

http://www.google.com/imgres?imgurl=http://georgecoghill.com/blog/wp-content/uploads/2008/05/cartoon-gorilla-with-camera1.jpg&imgrefurl=http://georgecoghill.com/blog/343/gorilla-with-video-camera-cartoon-mascot-illustration-for-logo/&usg=__0DfYhfJAKfvp1c9hLrBIVyQD3-Y=&h=250&w=321&sz=25&hl=en&start=3&zoom=1&itbs=1&tbnid=HlSeNLPB5oXUJM:&tbnh=92&tbnw=118&prev=/images?q=gorilla+cartoon&hl=en&gbv=2&tbs=isch:1


Digging Beneath the Surface: Water Risks in Mining - World Resources Institute 

Mining Company’s Perspective on Risk



Another Mining Company 

Perspective

“Treating acid drainage once it has 

occurred, or mitigating environmental 

impact after it has occurred, is usually an 

admission that something has gone wrong 

either in the characterization, planning, 

design or operation of a mine.”

Paul Dowd, former Managing Director, Newmont Australia 

(Dowd, 2005) http://www.gardguide.com)



Quantifying Risk 

(EPA perspective)

• In 2004 OIG identified 156 CERCLA sites 

with the potential cost from $7 - $24 billion

• NEPA documents for mining were not 

reliable in predicting water quality problems 
Maest and Kuipers, 2005

• EPA drafts new financial assurance regs



Environmental Regulation of Mining



U.S. EPA’s mission to 

protect human health
and the environment



Fire, Earth, Air and Water

Clean Water Act

Safe Drinking 

Water Act

Clean Air Act

Comprehensive, 

Environmental

Response,

Compensation,

and Liability Act

(Superfund)

Resource, 

Conservation and

Recovery Act



Primary laws administered by 

EPA related to metals

• NEPA - National Environmental Policy Act

• CWA - Clean Water Act - (NPS) Nonpoint Source

• EPCRA - Emergency Planning and Community 
Right to Know, TRI - Toxics Release Inventory

• SDWA - Safe Drinking Water Act

• CWA - Clean Water Act

• CAA - Clean Air Act 

• CERCLA - Comprehensive Environmental 
Response, Compensation and Liability Act

• TSCA - Toxic Substances Control Act



Permits

Standards

Certification/ 

Registration
Disincentives

Incentives

Prohibition
Voluntary

Higher riskLower risk

Mandatory CleanupInformation/
Education

EPA’s Continuum of Activities 

Based on  Risk



Prohibition

Permits
Standards

Certification/  
RegistrationDisincentives

Mandatory CleanupInformation/
Education

TSCA
CERCLA (Superfund)

CWA & CAA

CWA & CAA

SDWA
EPCRA(TRI)

CWA (NPS)
NEPA

Voluntary

GARD GUIDE

High riskLower risk

Risk continuum - Regulatory options 

and U.S. environmental laws



Law or Statute

Regulation

Policy

Guidance

Drawing

Regulatory Hierarchy



National Environmental 

Policy Act - NEPA
• “to promote efforts which will prevent or 

eliminate damage to the environment and 

biosphere and stimulate the health and 

welfare of man” by providing information to 

the public

• Federal decision – evaluate alternatives

• EPA reviews environmental documents to 

determine if the environmental alternative 

chosen will impact the environment and to 

determine if the agency provided this 

information to the public



Safe Drinking Water Act - SDWA

• EPA sets legal limits on the levels of 

certain contaminants in drinking water 

40CFR142 (note: compliance is at the 

tap for Public Drinking Water Systems) 

• Based upon Maximum Contaminant 

Levels  (MCLs)

• Labs must be certified



Clean Water Act - CWA

• 304a – EPA provides guidance to States 

and Tribes on the concentrations of metals 

that will not harm aquatic life or human 

health – Criteria (note: The States and 

Tribes set standards not EPA)

• 303d – Impaired waters and anti-

degradation

• 402 and 404 permits

– (NPDES and Fill permits)

• 401 certification by States or Tribes



EPCRA – Toxic Release 

Inventory - TRI

• The TRI requires reporting by the 

companies of metals discharged to the 

environment (note: these include 

permitted releases)

• Selecting chemicals for the Agency’s 

Toxicity Characteristic regulation (40 

CFR 261.24) that defines hazardous 

wastes 



Resource Conservation and 

Reclamation Act - RCRA
• Bevill Amendment restricts the application 

of RCRA to mining activities

• The Bevill Amendment does not apply to 

nonmining activities such as:

– Laboratories

– Machine shops

– Electrical substations



Comprehensive Environmental 

Response, Compensation, and 

Liability Act - CERCLA

• EPA sets the concentrations of 

contaminants that can remain at 

Superfund sites (US Coe, 1980)

• These levels are based upon ARARs* and 

site specific risk assessments

• Background, baseline and ambient 

conditions
*Applicable or Relevant and Appropriate Requirements (ARARS)



Metals Assessments and Regulatory 
Framework

Adapted from U.S. EPA 2007  Framework for Metals Risk Assessment 

Metals Assessments and 
Regulatory Framework

Site-Specific Assessments

Screening-Level Analyses                   
(CWA, CAA, CERCLA, 

RCRA)

Complex Analyses

(CWA, CAA, CERCLA, 
RCRA)

National Scale Assessments

Criteria/Stds
(CAA,CWA, 

SDWA,CERCLA, 
RCRA)

Chemical 
Reviews 
(TSCA, 
EPCRA)

Screening 
Level 

Analyses

Complex 
Analyses

Ranking –
Categorization

(EPCRA,CERCLA, 
RCRA,TSCA,FIFRA 
SDWA,CAA,CWA)



Mining Environmental Risk 

Assessment



EPA Framework for 

Metals Risk Assessment 2007

http://www.epa.gov/raf/metalsframework/factsheet.htm

• Metals are naturally occurring 

• Metals often occur as mixtures

• Some metals are essential nutrients 

• Metals are neither created nor destroyed 

– But can be transformed (valence 
states) or can be associated by 
bonding (compounds)

• Metals toxicity depends on many things



Risk Assessment

• Source
– nature

– extent

• Pathway
– air

– water

– ingestion

• Receptor
– people – children

– animals – plants –
endangered species



As, Cd,

Cu, Hg,

Pb, Zn,

Compounds

Ligands

Respiration

Filtration

Mental Functions

Gonad Dev.

Mortality

Growth

Development

Reproduction

Population 

Structure:

Population

Productivity

Chemical Cell Organ Individual           Population

Toxicity Epidemiology

Environmental Scales of Risk



ReceptorsSource

Pit, tunnel, 
waste piles 
tailings piles
storage areas
mechanical 

shops
labs

Mine or Mill

Soil, directly or 
indirectly

Air – dust, 
precipitation

Water, surface or 
groundwater

Biota

Pathway

People

Animals

Invertebrates

Vegetation



Conceptual Model

Dave Christophersen

Crown Solutions
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WATER BALANCE !!!



River Groundwater 

Adit flow

TailingsMill

Process water
Lined pond 

Stormwater

Pumped GW

Sediment basin

seepage

seepage

RainEvapor-

ation



Cumulative Impacts



Adapted from Smith and Huyck  (1999)

S
o

u
rc

e
R

e
c
e
p

to
rs

Physical

Dispersivity

Geoavailability:
Access to Weathering 

Susceptibility to Weathering

Total Metal

Chemical

Mobility

Bioavailability

Toxicity

Plants Animals

Intake

More

Less

M
e

ta
l 

C
o

n
c
e
n

tra
tio

n

P
a

th
w

a
y

Metals Toxicity



Example – Tale of Two Projects

• Proposed mine

• Two T&E species 

in the area

• Most water data 

older than 20-years

• Water quality 

standards in 

question - 303d

• Limited access to 

obtain new data

• Mine expansion

• Good T&E evaluation  

no mitigation  needed

• Up to date sampling 

and analysis

• Assisting in writing site 

specific standards

• Data provided by the 

local environmental 

group to support EIS



Mining Water Risk Assessment

• Does the company assess the water flows, 

usage, and water balance?

• Has the company evaluated the water 

risks within a local context?

• Does the risk-time period far exceed the 

potential life span of the mining company.

• Compliance with existing regulatory 

requirements may be exceeded by the 

legal risks long after the mine is closed.



World Resources Institute “Mine 

the Gap: Connecting Water Risks 

and Disclosure in the Mining Sector



Mining and Sustainability
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